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APPENDIX D
HUMAN ENGINEERING DESIGN GUIDELINES

FOR
VEHICLE-MOUNTED SETS, KITS, AND OUTFITS
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D1. SCOPE

D1.1. Scope. This gppendix establishes specific human engineering design guiddines for the
SATS. Therequirementsin this gppendix represent atailored version of MIL-STD-1472, which isthe
Army’s generd design sandard for Human Engineering.

D1.2. Purpose. The purpose of this gppendix is to present human engineering design criteria,
principles, and practices to achieve misson success through integration of the human into the SATS and
achieve effectiveness, smplicity, efficiency, reliability, and safety of operation and maintenance.

D1.3. Application This appendix may be gpplied to the design of the SATS. It is not intended
for gpplication to off-the-shelf items selected for incorporation into the SATS, except as specificaly
noted herein. Nothing in this appendix should be congtrued as limiting the sdlection of hardware,
materias, or processes to the specific items described herein.

D1.4. Generd. This gppendix does not dter requirements for participation of human engineering
specidigts in development of the SATS to interpret and implement these practices and to provide
solutions to human engineering problems which arise and which are not specificdly covered herein.

D1.5. Manufacturing tolerances. When manufacturing tolerances are not perceptible to the
user, this gppendix should not be construed as preventing the use of components whose dimensions are
within anorma manufacturing upper or lower limit tolerance of the dimensions specified herein.

D2. APPLICABLE DOCUMENTS

The documents cited in this section are for reference only, and do not congtitute a part of this standard.
They are provided as a source of additiond information.

HANDBOOKS
DEPARTMENT OF DEFENSE
DOD-HDBK-743 -  Anthropometry of US Military Personnel
MIL-HDBK-759 -  Human Factors Engineering Design for Army Materiel
MIL-HDBK-1908 -  Definitions of Human Factors Terms

(Unless otherwise indicated, copies of federd and military specifications, sandards, and
handbooks are available from the Standardization Documents Order desk, 700 Robbins Avenue, Bldg
4D, Philadelphig, PA 19111-5094.)

D3. DEFINITIONS
Unless otherwise specified, terms are defined in accordance with MIL-HDBK -1908.

D4. GENERAL REQUIREMENTS
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D4.1. Objectives. The SATS should provide work a environment which fosters effective
procedures, work patterns, and personnd safety and hedlth, and minimizes factors which degrade
human performance or increase error. Design should aso minimize personnd and training requirements
within the limits of time, cost, and performance trade- offs.

D4.2. Standardization. Criterion for sdlecting off-the-shelf commercid equipment should include
the degree to which the equipment conforms to this sandard. Where off-the- shef equipment requires
modification in order to interface with other equipment, the modification should be designed to comply
with the criteriaherein. Redesign or modification of off-the-shelf commercid equipment for the sole
purpose of complying with the requirements of this Appendix must have the approva of the procuring
adtivity.

D4.3. Function dlocation Design should reflect dlocation of functions to personnd, equipment,
and personnd- equipment combinations to achieve: a required time and safety, b. minimum number and
level of skillsof personne required to operate and maintain the SATS, and c. required performancein a
cost-effective manner.

D4.4. Human enginesring design. Design should reflect human engineering and biomedica
factors that affect human performance, including, when gpplicable: a protection from thermd,
toxicological, mechanicdl, dectrical, dectromagnetic, visua, and other hazards; b. adequate space for
personnd, their equipment, and free volume for the movements and activities they are required to
perform during operation and maintenance tasks under both norma and emergency conditions; c.
adequate physicd, visud, auditory, and other communication links between personnd and their
equipment under both normal and emergency conditions; d. efficient arrangement of operation and
maintenance workplaces, equipment, controls, and displays; e. design features to assure rapidity, safety,
ease and economy of operation and maintenance; f. compatibility of the design, location and layout of
controls, workspaces, mai ntenance accesses, siowage provisions, alocated tasks, and control
movements with the clothing and persond equipment to be worn by personnel operating and maintaining
the SATS.

D4.4.1. Safety. Design should reflect applicable system and personnd safety factors, including
minimizing potentid human error in the operation and maintenance of the SATS.

D4.4.2. Layout. Units should be laid out so that a minimum of place-to- place movements will
be required during operation.

D4.4.3. NBC survivahility. The SATS should permit performance of mission-essentid
operations, maintenance, and decontamination tasks by suitably clothed, trained, and acclimatized
personnel for the NBC environments required by the system.

D4.4.4. Smplidity of desgn. The equipment should represent the Smplest design consistent
with functional requirements and expected service conditions. It should be capable of being operated,
maintained, and repaired in its operationd environment by personnd with aminimum of training.

D5. DETAILED REQUIREMENTS
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D5.1. Anthropometry.

D5.1.1. Generd. Design and szing should ensure operability and maintainability by the user
population. Generally, design limits should be based upon a range from the 5" percentile femae to the
95" percentile male values for critica body dimensions, as appropriate. This design range from the 5™
to 95" percentile values will theoretically provide coverage for 90 percent of the user population for that
dimenson. NOTE: The data provided herein are intended for use as individua (stand-aone)
parameters, which should be adequate to support design of the SATS. However, the relationships or
correlations between body measurements are highly varidble. If two or more dimensions are used
smultaneoudy as design parameters, they cannot be assumed to be additive; appropriate multivariate
data and techniques must be utilized. Simultenaous use of two or more anthroprometric dimensionsasa
design parameter should require approva of the procuring activity.

D5.1.2. Anthropometric data. Anthropometric data for the design and sizing of workspaces
involving the standing position are presented in Table 1 and illustrated in Figure 1. Fifth and 95"
percentile vaues are given for various body dimensions. Suitable alowances should be made for heavy
clothing or protective equipment when required. Clearance dimensions should be not less than the 95"
percentile values for men; limiting dimensions should be not more than the 5™ percentile val ues for
women, shown in Table I. The intended user population for the SATS conggts of Military Occupationa
Specidty (MOS) for maintenance. Maintenance Workers are required to possess greater physical
strength than the generd population, and the criteria herein have been adjusted accordingly.

D5.1.3. Uss of Data. Use of these data should consider (@) the nature, frequency, safety, and
difficulty of the related tasks to be performed by the operator of the equipment; (b) the position of the
body during performance of these tasks; (c) mobility or flexibility requirements imposed by these tasks;
and (d) increments in the design-critical dimensions imposed by the need to compensate for obstacles
and projections.

D5.1.4. Adjusments. Because the above- cited anthropometric data represent light clothing
mesasurements, suitable alowances in design-critical dimensions should be made for heavy clothing,
protective equipment, and other worn or carried items when utilizing these data for design criteria.

D5.1.5. Clearance dimensons. Clearance dimensions (e.g., for accesses), which must
accommodate or allow passage of the body or parts of the body, should accommodate the 95™
percentile values for gpplicable body dimensions.

D5.1.6. Limiting dimengons. Limiting dimensions (e.g., reaching distance, control movement,
displays, test points) which restrict or are limited by extensions of the body should accommodate the 5™
percentile vaues for applicable body dimensions.

D5.1.7. Control and Digplay placement. All controls and visua displays mounted on verticd
pands and used in normal equipment operation should be mounted 86 - 178 cm (34 - 70 in) above the
ganding surface.
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TABLEI.

Anthropometric data for clothed personne, standing position

Percentile Vaues in Centimeters (Inch equivaents in Parentheses)*

5" Percentile

95" Percentile

Men

Women

Men

Women

1. Weight (Fig. 1)

2. Stature (Fig. 1)

3. Eyeheight (Fig. 2)

4. Shoulder (Acromiae) height (Fig. 2)
5. Chest (Nipple) height (Fig. 2)

6. Elbow (Radide) height (Fig. 2)

7. Fingertip (Dactylion) height (Fig. 2)
8. Waist (lliocristale) height (Fig. 2)

9. Crotch height (Fig. 2)

10. Knee (Mid-Patella) height (Fig. 2)
11. Functional (Thumbtip) reach (Fig. 3)
12. Functiona reach, extended (Fig 3)
13. Overhead reach height (Fig. 3)

65.2 Kg (143 Ibs)
168.3 (66.3)
156.6 (61.7)
138.0 (54.3)
122.4 (48.2)
106.1 (41.8)
62.9 (24.9)
99.1 (39.0)
79.1(31.2)
49.9 (19.6)
71.7 (28.2)
80.5(31.7)
200.4 (78.9)

50 Kg (110 Ibs)
156.2 (61.5)
1453 (57.2)
126.8 (49.9)
112.7 (44.4)
99.9 (39.3)
58.9 (23.2)
94.9 (37.4)
71.9(28.3)
455 (17.9)
67.7 (26.7)
73.5(28.9)
185.3 (73.0)

101.7 Kg (224 Ibs)
190.9 (75.2)
178.1(70.1)
158.4 (62.4)
141.1 (55.6)
123.7 (48.7)
76.2 (30.0)
119.7 (47.1)
95.6 (37.6)
59.0 (23.2)
88.6 (34.9)
94.2 (37.1)
230.5 (90.8)

80.6 Kg (177 Ibs)
177.5 (69.9)
165.9 (65.3)
147.0 (57.9)
131.1 (51.6)
114.8 (45.2)
70.8 (27.9)
110.9(43.7)
88.4 (34.8)
54.1(21.3)
805 (31.7)
92.3(36.3)
215.1 (84.7)

* Data derived from MIL-H DBK-759, Table 16a. Weights were adjusted from nude body by adding 3.61 kgs (7.97 Ibs) for Battle Dress Uniform,
underwear, belt and boots. Heights were gjusted from nude body by adding 3.81 cm (1.5 in) for combat boot heel.
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@ WEIGHT (CLOTHED @ STATURE (CLOTHED)
WEARING FATIGUES & STANDING ERECT; HEELS
COMBAT BOOTS; STANDING TOGETHER; WEIGHT DIS-
IN CENTER OF SCALE TRIBUTED EQUALLY ON BOTH
FEET. MEASURED FROM STANDING
SURFACE TO TOP OF HEAD

FIGURE 1. Anthropometric datafor the sstanding position, weight and stature

FIGURE 2. Standing body dimensions
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(i) FUNCTIONAL REACH - STANDING (1)  FUNCTIONAL REACH, EXTENDED-

ERECT; LOOKING STRAIGHT STANDING ERECT; LOOKING STRAIGHT
AHEAD;, BOTH SHOULDERS AGAINST AHEAD; RIGHT SHOULDER EXTENDED
WALL; RIGHT ARM HORIZONTAL. AS FAR FORWARD AS POSSIBLE WHILE
MEASURED FROM WALL TO TIP OF BACK OF LEFT SHOULDER FIRMLY
THUMB. AGAINST WALL:; ARM HORIZONTAL.

MEASURED FROM WALL TO TIP OF
THUMB.

OVERHEAD REACH HEIGHT -
STANDING WITH HEELS 23 cm
APART AND TOES 15 cm FROM
WALL; ARMS EXTENDED OVER-
HEAD WITH FISTS TOUCHING
AND AGAINST WALL: lst
PHALANGES HORIZONTAL.
MEASURED FROM FLOOR TO
HIGHEST POINT ON Ist PHALANGES

FIGURE 3. Standing reach

D5.2. Body movement.

D5.2.1. Range of mation Table 2 givesthe ranges, in angular degrees, for dl voluntary
movements the joints of the body can make, asillugtrated in Figure 4. The designer should remember
that these are maximum values, since they were measured with nude personnel, they do not reflect the
regtrictions clothing would impose. The lower limit should be used when personnel must operate or
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maintain an item; the upper limit should be used in designing for freedom of movement.

D5.2.2. Whole body. All operating positions should alow enough space to move the trunk of
the body. When large forces [more than 13.6 kg (30 1bs)] or large contral displacements [more than
380 mm (15 in) in afore-&ft direction] are required, the operator should have enough space to move his

entire body.
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TABLEII.

Range of human motion*

Lower Upper
Body Member Movement Limit Average Limit
(degrees)  (degress) (degrees)
A, Wrist 1. Flexion 78 90 102
2. Extension 86 99 112
3, Adduction 18 27 36
4. Abduction 40 47 54
B. Forearm 1. Supination 91 113 135
2. Pronation 53 77 101
C. Elbow 1. Flexion 132 142 152
D. Shoulder 1. Lateral Rotation 21 34 47
2. Medial Rotation 15 97 119
3. Extension 47 6l 75
4. Flexion 176 188 190
5. Adduction 39 48 57
6. Abduction 117 134 151
E. Hip 1. Flexion 100 113 126
2. Adduction 19 31 43
3. Abduction 4] 53 65
4. Medial Rotation
(prone) 29 39 49
5. Lateral Rotation
(prone) 24 34 44
6. Lateral Rotation
(sitting) 21 30 39
7. Medial Rotation
(sitting) 22 31 40
F. Knee Flexion 1. Prone 115 125 135
2. Standing 100 113 126
3. Kneeling 150 159 168

I'These values are based on the nude body. The ranges are larger than they
would be for clothed personnel.

189




DFP-420

FIGURE 4. Range of human motion
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FIGURE 4. Range of human mation - continued
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TABLEII.

Range of human motion - continued*

Lower Upper
Body Member Movement Limit Average Limit
(degrees) (degress) (degrees)
G. Foot 1. Medial 23 33 47
Rotation 2. Lateral 31 41 55
H. Ankle 1. Extension 26 38 50
2. Flexion 28 35 42
3. Adduction 15 24 33
4. Abduction 16 23 30
I. Grip Angle 95 102 109
J. Neck 1. Dorsal (back) 44 61 88
Flexion 2. Ventral
(forward) 43 60 72
3. Right 34 4] 48
4. Left 34 41 48
K. Neck 1. Right 65 79 93
Rotation 2. Left 65 79 93

IThese values are based on the nude body. The ranges are larger than they
would be for clothed personnel.

Flexion: Bending or decreasing the angle between parts of the body.
Extension: Straightening or increasing the angle between parts of the body.
Adduction: Moving toward the midline of the body.

Abduction: Moving away from the midline of the body,

Medial Rotation: Turning toward the midplane of the body.

Lateral Rotation: Tuming away from the midplane of the body.

Pronation: Rotation of the palm of the hand downward.

Supination: Rotation of the palm of the hand upward.

D5.3. Push and pull forces.

D5.3.1. Horizontal. Manua horizontal push and pull forces required to be applied or to be
sustained over a short period of time should not exceed the values of Table 111, as applicable, or those
givenin Table IV, if more gppropriate to the force and movement characteristics of the task.
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TABLEII.

Horizontal push and pull for ces exertable inter mittently or for short periods of time

HORIZONTAL | APPLIED WITH? CONDITION

FORCEL (u = Coefficient of Friction)
100N (25 Ib) both hands or one Low traction: 0.2<u< 0.3
push or pull shoulder or the back

200N (45 Ib) both hands or one Medium traction: p ~ 0.6
push or pull shoulder or the back

300N (70 Ib) both hands or one High traction: p > 0.9

push or pull shoulder or the back

Im ay be doubled for two and tripled for three operators pushing smultaneoudy. For the fourth

and each additiond operator, not more than 75% of their push capability should be added.

2506 gure 5 for examples.

Note: Vaues are predicated upon a suitable surface for force exertion, i.e., avertical, rough
surface, gpproximately 40 cm (16 in) wide, and 510 - 127 cm (20 - 50 in) above the floor to adlow

force application with the hands, the shoulder, or the back.

Thistableis an exerpt of MIL-STD-1472, Table XXIV. The dataare normally consdered to
gpply to the male population only. Here they are gpplied to the female population aswell, on the
presumption that females meeting the strength requirements for Maintenance Workers will of necessty

have abody mass at least equal to that of the 5™ percentile male in the generd population.
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LOW/MEDIUM/HIGH TRACTION

FIGURE 5. Examples of push force conditionsfor Table 111

194



DFP-420

ARM STRENGTH (N}
(1 (2 {3) (4) (s) (6) (7)
DEGREE OF ELBOW PULL PUSH up DOWN IN ouTt
FLEXION I
{deg) L*| RY| L R |L R L R L R L R
180 222 | 231 {187 {222 | 40 | 62 {58 | 76 |68 | 89 | 36 | 62
150 1687 | 249 (133 |187 | 67 | &0 |80 | 89 |67 |89 | 36 | 67
120 151 | 187 |116 |60 | 76 | 107 {93 116 |89 | 98 | a5 | 67
90 142|165 | 98 |160 | 76 | B9 |93 [116 |71 | 80 | 45 | 71
60 116 |107 | 98 {151 | 67 | 89 |80 | 89 |76 |89 |53 | 76
HAND, AND THUMB-FINGER STRENGTH (N)
1a) (9) (10
HAND GRIP
THUMB-FINGER THUMB-FINGER
L R GRIP (PALMER) GRIP (TIPS)
MOMENTARY HOLD 250 260 60 60
SUSTAINED HOLD 145 155 35 35

* L = LEFT; R = RIGHT
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TABLE IV. Arm, hand and thumb-finger strength (5" per centile male data)

D5.3.2. Veticd. Manud vertica push and pull forces required should not exceed the
gpplicable fifth percentile pesk or mean force values cited for menin Table V, or those given in Figure
6, if more appropriate to the force and movement characteristics of the task.

Table V.
Static Muscle Strength Data

Percentile Vaues in Newtons (Pounds)

5" Percentile 95" Percentile

Strength measurements Men Women Men Wome
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(see Figure 6)
A Standing two-handed pull:
38cmleve
Mean force
Peak force
B Standing two-handed pull:
50 cm level
Mean force
Peak force
C Standing two-handed pull:
100 cm leve
Mean force

Peak force

D Standing two-handed push:

150 cm leve
Mean force
Peak force
E Standing one-handed pull:
100 cm leve
Mean force

Peak force

738(166)
845(190)

758(170)
831(187)

444(100)
504(113)

409(92)
473(106)

215(48)
259(58)

331(74)
397(89)

326(73)
374(84)

185(42)
218(49)

153(34)
188(42)

103(23)
132(30)

1354(304)
1437(323)

1342(302)
1442(324)

921(209)
988(222)

1017(229)
1094(246)

628(141)
724(163)

818(184)
888(200)

841(189)
905(203)

443(100)
493(111)

380(85)
430(97)

284(64)
322(72)
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A. STANDING TWO-HANDED PULL: 38 cm (15") LEVEL

STANDING WITH FEET 45 cm (18") APART AND KNEES
BENT. BENDING AT WAIST, GRASPING BOTH

SIDES, OF 45 cm (18") LONG HANDLE LOCATED DIRECTLY
IN FRONT, 38 cm (15'") ABOVE STANDING SURFACE,

AND PULLING, USING PRIMARILY ARMS, SHOULDERS
AND LEGS.

. STANDING TWO-HANDED PULL: 50 cm (20™) LEVEL

STANDING WTTH FEET 45 cm (18") APART AND KNEES
STRAIGHT. BENDING AT WAIST, GRASPING BOTH

SIDES OF 45 em (16") LONG HANDLE LOCATED DIRECTLY
IN FRONT, 50 cm (20") ABOVE STANDING SURFACE,

AND PULLING, USING PRIMARILY ARMS AND
SHOULDERS.

. STANDING TWO-HANDED PULL: 100 cm (39") LEVEL

STANDING ERECT WITH FEET 45 cm (18') APART,
GRASPING BOTH SIDES OF 45 cm (18") LONG HANDLE
LOCATED DIRECTLY IN FRONT, 100 cm (39") ABOVE
STANDING SURFACE, AND PULLING, USING THE
ARMS.

. STANDING TWO-HANDED PUSH: 150 c¢m (39") LEVEL

STANDING ERECT WITH FEET 45 cm (18") APART, GRASPING
FROM BELOW, BOTH SIDES OF 45 cm (18"} LONG HANDLE
LOCATED DIRECTLY IN FRONT, 150 cm (59") ABOVE
STANDING SURFACE. PUSHING UPWARD USING ARMS

AND SHOULDERS.

. STANDING ONE-HANDED PULL: 100 cm [39") LEVEL

STANDING ERECT WITH FEET 15 cm (6") APART,
DOMINANT HAND GRASPING UNDERSIDE OF
D-RING LOCATED DIRECTLY TO THE SIDE,

100 em (39") ABOVE STANDING SURFACE. PULLING
UPWARD WHILE KEEPING SHOULDER SQUARE
AND OTHER ARM RELAXED AT SIDE.

FIGURE 6. Static muscle strength data
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D5.4.1. Lifting limits The weight limitsin Table VI, conditions A and B, should be used as
maximum vaues in determining the design weight of items requiring one person lifting with two hands.
Thewelght limitsin Table VI plus 18 kg (40 Ib) should be used as the maximum vaues in determining
the design weight of items requiring two person lifting, provided the load is uniformly distributed
between the two lifters. If the weight of the load is not uniformly didtributed, the weight limit of Table VI
appliesto the heavier lift point. Where three or more persons are lifting Smultaneoudy, not more than 14
kg (30 Ib) may be added for each additiond lifter, provided that the object lifted is sufficiently large that
the lifters do not interfere with one another while lifting. Whereit is not possible to define the height to
which an object will be lifted in operationa use, the limit wherein the object is lifted to shoulder height
should be used rather than the more permissve bench height value. Thevduesin TableV are
gpplicable to objects with or without handles.

TABLE VI.
Design weight limits

HANDLING FUNCTION POPULATION*
Mae and Femde
A. Lift an object from the floor and place it on asurface 36.4 kg (80 1b)

not greater than 152 cm (5 ft) above the floor.

B. Lift an object from the floor and place it on a surface 53.6 kg (110 Ib)
not greater than 91 cm (3 ft) above the floor.

C. Carry an object 7.6 m (25 ft) or less. 53.6 kg (70 1b)

* Data from MIL-STD-1472 adjusted to reflect the physical requirements for Mechanics and Repairers, Military Occupational Specialty (MOS)
62 & 63 Series, in accordance with MIL-STD-1472 paragraph 1.4 and DA PAM 611-21.

D5.4.2. Load Sze. The maximum permissible weight lift limitsin Table VV gpply to an object
with uniform mass digribution and a compact size not exceeding 46 cm (18 in) high, 46 cm (18 in)
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wide, and 30 cm (12 in) deep (away from the lifter). This places the handholds at half the depth, or 15
cm (6 in) away from the body. If the depth of the object exceeds 61 cm (24 in) the permissible weight
should be reduced by 33 percent. If the depth of the object exceeds 91 cm (36 in), the permissible
weight should be reduced by 50 percent. If the depth of the object exceeds 122 cm (48 in), the
permissible weight should be reduced by 66 percent.

D5.4.3. Obstacles. Thevauesin TableV assume that there are no obstacles between the
person lifting and the shelf, table, bench or other surface on which the object isto be placed. Wherea
lower protruding shelf or other obstacle limitsthe lifter’ s gpproach to the desired surface, the weight
limit of the object should be reduced by 33 percent

D5.4.4. Carying limits. Theweight limitin Table VV condition C should be used asthe
maximum vaue in determining the design weight of items requiring one person carrying of objectsa
distance of up to 7.6 m (25 ft). The maximum permissible weight for carrying an object with ahandle on
top, such asatool box, which usudly is carried at the sde with one hand, is 36 kg (80 1bs). The one-
person weight carrying limit plus 18 kg (40 Ibs) should be used as the maximum vaue in determining the
design weight of items requiring two-person carrying, provided the load is uniformly distributed between
the two carriers. Where three or more persons are carrying aload together, not more than 14 kg (30
Ibs) may be added for each additiond person, provided that the object is sufficiently large that the
workers do not interfere with one another while carrying the load. In dl casesinvolving carrying, it is
assumed that the object isfirgt lifted from the floor, carried a distance of 7.6 m (25 ft) or less, and
placed on the floor or on another surface not higher than 91 cm (36 in). If thefind lift isto ahigher
height, the 152 cm (5 ft) lift height applies as the more limiting case.

D5.4.5. Object carry Size. The reduction formula expressed in paragraph B5.3.2 should be
gpplied to sze of objects to be carried in the same manner asfor load size.

D5.4.6. Labding. Itemsweighing more than 18 kg (40 |b) should be prominently labeled with
the weight of the object. Where mechanica or power lift is required, hoist and lift points should be
provided and clearly labeled.

D5.5. Handles and grasp aress.

D5.5.1. Genegrd. All items designed to be carried or removed and replaced should be provided
with handles or other suitable means for grasping, handling, and carrying by a gloved or mittened hand.
Items requiring handling should be provided with not less than two handles or one handle and one grasp
area. Itemsweighing lessthan 4.5 kg (10 Ib) whose form factor permits them to be handled easily
should be exempt from this requirement.

D5.5.2. Location. Whenever possible, handles, grasp areas, or hoist points should be located
above the center of gravity and in amanner to preclude uncontrolled swinging or tilting when lifted.
They should be located to provide at least 5 cm (2 in) of clearance from obstructions during handling.
Thelocation of handles should not interfere with ingtaling, removing, operating, or maintaining the
equipment.

D5.5.3. Nonfixed handles. Nonfixed handles (e.g., hinged or fold-out) should have a stop
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position for holding the handle perpendicular to the surface on which it is mounted and should be
capable of being placed into carrying position by one hand (where appropriate, by a gloved or mittened
hand).

D5.5.4. Gragp surface. Where anitem’ singdlation requires that its bottom surface be used as
a handhold during remova or inddlation, anondip grasp surface (e.g., grooved, knurled, or frictiona)
should be provided.
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ILLUSTRATION

TYPE OF
HAMNDLE

DIMENSIONS IN mm (in Inches)

'Bare Hand)

{Gloved Hand}

IMittened Hand)

X Y rd X Y Z x Y z
b Two-linger bar 32 65 7S 38 75 75 | Not Applicable
1-1/4)(z1y2) (30 [(-12) (31 (@)
One-hand bar 48 111 785 50 125 100 7% 135 150
™ e (1-7/8}(4-3/8) (3 | (20 (8} &) | BHs1/4) (8)
PRSI
z},“"f Two-hand bar a8 216 75 | 50 270 100| 75 280 150
(1-7/8}(8-1/2) (3) | (20 (10-1/2) (4} | (3} (11) (&)
T-bar 38 100 79 50 115 100 | Mot Applicable
K1-1/2) (4) (3} (27 (&-1/2) (4}
L
>
K J-bar 50 100 75 | S0 115 100 |75 125 150
4\2 \;\ (20 (41 (3 |2 (&1720 &) |30 (50 (8)
%
h““-.
Twofinger recess | 32 65 S0 B’ 78 50 Not Applicakle
b /421720 (2) 720 (3 (2
Y‘}“"‘* One-hand recess |50 110 S0 ‘tag 435 100 |90 135 125
/‘{z}/ == 4 (2) (&174) 3172031720 {51741 (4) |(3-1/2)(5-1/4) (S)

Finger-tip recess

Cine-finger recess

19 - 13
{3r4) (1/2)
3z - 50
{1-1/4] (2}

725 - 13
§}] (3/4)
s -~ 50
{1-1/2} 2)

Not Applicable

Not Applicable

Curvature of Handle
or Edge

IDOES NOT

PRECLUDE

USE OF

OVAL HANDLES)

Weight of Item

Up to 6.8 kglup 10 15 ibs}
6.8 10 9.0 kg {15 10 20 lbs]
9.0 1o 18 kg {20 to 40 Ibs)
Over 18 kg (over 40 Ibs)

T-bar Past

Minimum Diameter

D. &mm

D-13mm (1zin)
O-19mm (34in)
D - 25 mm {1 in}

T—=13mm {1/2 in)

{1/4in)

Gripping efficienty is best
it finger can curl around
handle or edge Lo any
angle of 2 m rad (120°)
or more,
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D5.5.5. Handle dimensons. Handles that are to be used with mittened, gloved, or ungloved
hands should equa or exceed the minimum applicable dimensons shown in Table VII.

D5.5.6. Handle and grasp areaforce requirements. Force requirements to operate handle and
grasp areas should not exceed the valuesin Table I V.

D5.5.7. Handle materiad. Handles or grasp areas used with bare hands should have surfaces
that are not thermdly (see therma contact hazards paragraph) or dectricadly conductive. The surface
should be sufficiently hard to prevent embedding of grit and grime during norma use.

D5.6. Vibration. Equipment oscillations should not impair human performance with respect to
control manipulations or the readaility of numeras or letters. Equipment vibrationsin the range of 1 to
4 Hz having an accelleration greater than 8 feet per second (rms) should be avoided.

D5.7. Storage.
D5.7.1. Gengrd.

D5.7.1.1 Standardization. Standard containers should be used whenever practicable and
should meet the human engineering criteria herein.

D5.7.1.2 Ease of replacement. Equipment should be configured for remova and replacement
by one person where permitted by structura, functiond, and weight limitations.

D5.7.1.3 Clothing condraints. Equipment should be capable of being removed and replaced by

personnd wearing persona protective and specid purpose clothing and equipment, including NBC
protective clothing in an NBC contaminated environment.

D5.7.1.4 Removd. Stored items should be removable dong a straight or dightly curved line,
rather than through an angle.

D5.7.1.5 Limit gops. Limit stops should be provided on drawers. Drawers should be sdif-
locking in the retracted and extended positions. The limit sop design should permit convenient
overriding of stops for drawer remova.

D5.7.1.6 Covers or panels. Removd of any stored item should require opening or removing a
minimum number of covers

D5.7.2. Mounting of items within units.

D5.7.2.1 Smilar items. Similar items and containers should utilize a common mounting design
and orientation within the unit. Smilar items and containers should be made digtinguishable by |abding,
color coding, or marking.

D5.7.2.2 Ddicate items. Components susceptible to personnel-induced damage (e.g., rough
handling, aorasion, or contamination) should be clearly identified and guarded from abuse both
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physicaly and procedurdly.

D5.7.3. Accesshility.

D5.7.3.1 Structural members. Structurd members or permanently installed equipment should
not visually or physicaly obstruct remova and replacement of stored equipment.  Equipment restraining
devices should be directly visble and physicaly accessible to the user.

D5.7.3.2 Lageitems. Large itemswhich are difficult to remove should be so mounted that they
will not prevent convenient access to other items.

D5.7.3.3 Rdative accessibility. Items requiring most frequent access should be most accessible.

D5.7.4. Storage contaners.

D5.7.4.1 Securing of covers. It should be obvious when a storage container door or lid is not
secured, even though it may bein place.

D5.7.4.2 Indructions. If the method of opening a storage container is not obvious from the
congtruction of the container itsdf, ingtructions should be permanently displayed on the outside of the
container. Indructions should consist of Smple symbols such as arrows or smple words such as “push”
or “push and turn.”

D5.7.4.3 Clearance. Bulkheads, brackets, and other equipment should not obstruct visua or
physical access for remova, replacement, or opening of storage containers. Covers, doors or pandls
which must be opened to remove or replace equipment and supplies should be visudly and physicaly
accessible to the user.

D5.7.4.4 Sdf-supporting covers. Hinged lids and doors should be self- supporting in the open
pogition. The cover in the open position should not obstruct required visud or physical accessto the
stored equipment. Self-supporting covers should be capable of being opened and closed with one
hand.

D5.7.4.5 Labding. Each storage container should be labeled with nomenclature for theitemsiit
contains. Accesses should be labeled with warning signs disclosing any hazards existing within the
storage area and prescribing precautions. Opening or removing an access cover should not remove or
visudly obstruct any hazard warning.

D5.7.4.6 Rounding. Cover and access edges should be rounded (See safety paragraph on
edge rounding) to preclude hand injury or clothing damage.

D5.7.5. Physica access.

D5.7.5.1 Arm and hand access. Openings provided for access to stored equipment should be
szed to permit the required handling and should provide an adequate view of the item being
manipulated. All blind arm and hand access should require gpprova of the procuring activity.

D5.7.5.1.1. Opening covers. Access covers should be equipped with grasp areas or other
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means for opening them. Covers should accommodate handwear or specid clothing that may be worn
by the maintainer.

D5.7.5.1.2. Reach access dimensions and shape. The dimensions of access openings should be
not less than those shown in Table VIII. Allowance should be made for the clearance of the operator's
hand, applicable handwear, and clothing. Access shape should provide clearance for the equipment
(including its protuberances, attachments and handles) that the user must pass through the opening,

appropriate body parts, and tools.
D5.7.5.1.3. Guarding hazardous conditions. |f a hazardous condition exists behind the access,

the presence of the hazard should be noted on the cover such thet it remains visible when the access is
open.

D5.7.5.1.4. Type of opening. Where equipment storage is required, the following practices
should be followed in order of preference: a An opening with no cover unlessthisislikely to degrade
system performance, security, safety, or NBC contamination survivability. b.A hand-operated (diding or
hinged) lid or door. c.A hand-operated latched lid .

D5.7.5.2 Access cover attachment. Covers should be secured with the fewest number of
ampledt-to-operate latches practicable. Latches should be operable by hand. Smadl, removable covers
should be attached to the structure or otherwise retained to prevent |oss.

D5.7.6. Attachments. Connected appurtenances, accessories, cables, hoses, and smilar items
should not interfere with removing, replacing, or carrying astored item. If such connected
gppurtenances interfere with these tasks, they should be easily removed or disconnected from the
equipment before handling. Easy disconnect should consist of hand operable quick disconnect or
standard hand tool operable disconnects in that order of preference.
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MINIMAL TWO-HAND ACCESS OPENINGS WITHOUT VISUAL ACCESS

Amaching with both hand: 1o dapth of 150 to 430mm:

Light elathirg: Width: 200mm or the dapth of resch®
Haight: 126mm
Axrctic clathing: Width: 150mm plus 3/4 the depth of raach
Height: 18Qmm
Ragching full arm’c langth (ta shaulders] with both mms!
Width: BOOmm
Height: 125mm

Ingarting box grasped by handles on tha fedni:

13mm clearance around box, auming sdequals dearance
around handles

Inserting box with hands on the sides:

Light clothing: Width Box plu T15mm

* Heght: 128mm or 13mm around box*
Arctic clathing:  Widitn:  Box plus 180mm

t Height:  215mm or 1Smm around box*

*yhichawr is larger,

#1f hands curl sround bottem, allow an extra 38mm for light
clathing, 75mm fer arctic cothing.

MIBIMAL ONEHMAND ACCESS QPENINGS WITHOUT VISUAL ACCESS

Height Wideh
Empty hand, 10 wri
Bare hand, ra 45mm sqorda
Bars hand, flat: Smm x 100mm or 100mm dia
Glove o mitlen: 100mm  x 150mm or 150mm dia
Arctic mitten: 125mm x 1685mm or 165mm dig
Clenghed hand 1o wrist:
Bare hand: 99mm  xa 125mm ot 125mm dia
Glove ar mitten: 115mm x 150mm or 150mm dia
Arctic mitten: 180mm = 215mm eor 215mmdia

Hand plus 17 dia ohject, 10 wrist:
Bare hand:
Gloved hand:
Agfctic enitten:

S5mm wq of dia
150mm 5q or dia
1BOmm s ar dis

Hand plus object aver 17 in dis, (o wrise:

Bare hand:

Giove ar mitten:
Arctic mitien:
Arnmn to elbow,
Light clathing:
Acctic clothing:
With object:
Arm ta shoulder:
Light elathing:

Arctic clathing.
With object:

ASmm clearanos araund objec
65mm elearanon sround abject
Sdmm clesranoe around ebject

100mm = 115mm
180mm 4q or dia
Clearances as abave

126mm g or dia
215mm sq or dia
Clearance: 8t above

P —— T T

MINIMAL FINGER ACCESS TO FIRST JOINT

Push bution acecess: Bare hand: A2mm dis
Giloved hand:  38mm dia

Two finger twist access:  Bare hand: object pla S0mm
Gloved hand!  object plus 65mm

TABLE VIII. Arm and hand access dimensions
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D5.8. Desgn for maintaner.

D5.8.1. Gengrd.

D5.8.1.1 Standardization. Standard parts should be used whenever practicable and should
meset the human engineering criteria herein.

D5.8.1.2 Specid tools. Specia tools should be used only when common hand tools cannot be
used, when they provide sgnificant advantage over common hand tools, or where required by security
consderations. Specid tools required for operationa adjustment maintenance should be securdly
mounted within the equipment in areadily accessble location.

D5.8.1.3 Ease of replacement. Equipment should be configured for remova and replacement
by one person where permitted by structura, functiond, and weight limitations.

D5.8.1.4 Assembly and disassembly. Equipment should be capable of being assembled and
dissssambled inits operationd environment by a minimum number of trained personnd wearing clothing
gppropriate to the operating environment specified for the system maintenance concept.

D5.8.1.5 Clothing condraints. Equipment should be capable of being removed, replaced, and
repaired by personnd wearing persond protective and specia purpose clothing and equipment
appropriate to the maintenance concept, including NBC protective clothing in an NBC contaminated
environmen.

D5.8.1.6 Error-proof design. Improper mounting and ingdlation (including interchange of items
of asame or smilar form that are not in fact functiondly interchangeable) should be prevented by
physical measuresto ensure proper mounting of items (e.g., ignment devices).

D5.8.2. Mounting of items within units.

D5.8.2.1 Smilar items. Smilar items should utilize acommon mounting design and orientation
within the unit. This mounting design should preclude interchange of items which are not functiondly
interchangegble. Smilar itemsthat are not functiondly interchangeable should be made distinguishable
by labeling, color-coding, or marking to prevent unwanted subgtitution.

D5.8.2.2 Ddicaeitems. Components susceptible to maintenance-induced damage e.g., rough
handling, abrasion, contamination) should be clearly identified and guarded from abuse both physicaly
and procedurally.

D5.8.3. Accessihility.

D5.8.3.1 Structurd members. Structurd members or permanently installed equipment should
not visualy or physicaly obstruct adjustment, servicing, remova of replaceable equipment, or other
required maintenance tasks. Pands, cases, and covers removed to access equipment should have the
same access reguirements as replaceable equipment. Mounting provisions should be directly visble and
physicaly accessible to the maintainers.

D5.8.3.2 Lageitems. Large itemswhich are difficult to remove should be so mounted that they
will not prevent convenient access to other items.
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D5.8.3.3 Use of tools and test equipment. Check points, adjustment points, test points, cables,
connectors, and labes should be accessble and vigble during maintenance. Sufficient space should be
provided for the use of test equipment and other required tools without difficulty or hazard.

D5.8.3.4 Rdative accessibility. Items requiring most frequent access should be most accessible.

D5.8.3.5 High-fallure-rate items. High-failure-rate items should be accessible for replacement
without moving nontfailed items. Mechanica replacement items should be removable with common
hand tools and smple handling equipment.

D5.8.4. Lubrication

D5.8.4.1. Genera. Configuration of equipment requiring lubrication should permit lubrication
and, as applicable, checking of lubricant reservoir levels without disassembly. Extended fittings should
be provided to lubricant ports that would not otherwise be readily accessible or visble.

D5.8.4.2. Labding. Where lubrication is required, the type of Iubricant to be used and the
frequency of lubrication should be specified by alabel mounted at or near the lube port or grease fitting.
A lubrication chart of permanent congtruction should be mounted at the operator station of the
equipment; individua labels should not be required when the equipment has only one type of fitting and
uses only one type of lubricant.

D5.8.5. Covers.

D5.8.5.1. Caseand cover mounting. Cover or shield holes should be large enough for
mounting screw clearance without perfect case dignment.

D5.8.5.2. Securing of covers. It should be made obvious when a cover is not secured, even
though it may bein place.

D5.8.5.3. Indructions. If the method of opening a cover is not obvious from the congtruction of
the cover itsdf, indructions should be permanently displayed on the outside of the cover. Ingructions
should consigt of smple symbols such as arrows or smple words such as*push” or “push and turn.”

D5.8.5.4. Clearance. Bulkheads, brackets, and other equipment should not obstruct visua or
physica access for remova or opening of covers on equipment within which work must be performed in
the ingtaled condition. Covers, doors or panels which must be opened to perform on-Ste maintenance
should be visudly and physicdly accessble to the maintainers.

D5.8.6. Access openings and covers.

D5.8.6.1. Application An access should be provided if frequent maintenance would otherwise
require removing a case or covering, or dismantling an item of equipment.

D5.8.6.2. Sdf-supporting covers. Hinged access covers that are not completely removable
should be sdf-supporting in the open position. The cover in the open position should not obstruct
required visud or physica access to the equipment being maintained or to related equipment during
maintenance. Sdf-supporting covers should be capable of being opened and closed with one hand.
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D5.8.6.3. Labding. Each access should be labeled with nomenclature for items visible or
accessible through it. Accesses should be labeled with warning sgns, disclosing any hazards existing
beyond the access and prescribing precautions. Opening or removing an access cover should not
remove or visualy obstruct any hazard warning. If ingructions applying to a covered item appear on a
hinged door, the lettering should be oriented to be read when the door is open.

D5.8.6.4. Rounding. Cover and access edges should be rounded (See safety paragraph on
edge rounding) to preclude hand injury or clothing damage.

D5.8.7. Physical access.

D5.8.7.1. Arm and hand access. Openings provided for access to interior equipment should be
sized to permit the required adjustment or handling and should provide an adequate view of theitem
being manipulated. All blind arm and hand access should require approva of the procuring activity.

D5.8.7.1.1. Opening covers. Access covers should be equipped with grasp areas or other
means for opening them. Covers should accommodate handwear or specid clothing that may be worn
by the maintainer.

D5.8.7.1.2. Reach access dimensions and shape. The dimensions of access openings should be
not less than those shown in Figure 9. Allowance should be made for the clearance of the operator’s
hand, applicable handwear, and clothing. Access shape should provide clearance for the equipment
(including its protuberances, attachments and handles) that the maintainer must replace through the
opening, appropriate body parts, and tools.

D5.8.7.1.3. Todl accessdimensions. Access openings should be large enough to operate tools
required for maintenance of the equipment reached through the access.

D5.8.7.1.4. Guarding hazardous conditions. If ahazardous condition (such as exposed, high
voltage conductors) exists behind the access, the physica barrier over the access should be equipped
with an interlock that will de-energize the hazardous equipment when the barrier is open or removed.
Both the presence of the hazard and the fact that an interlock exists should be noted on the equipment
case or cover such that it remains visble when the accessis open. Also see5.9.9.3.

D5.8.7.1.5. Type of opening. Where physical accessis required, the following practices should
be followed in order of preference: a An opening with no cover unlessthisislikely to degrade system
performance, safety, or NBC contamination survivability. b.A hand operated (laiched, diding, or
hinged) cap or door where dirt, moisture, or other foreign materias might otherwise create a problem.
C.A quick-opening cover plate using Y2 turn captive fastenersif a cap will not meet stress requirements
or space prevents a hinged cover. d.A screw-down cover, when captive fasteners cannot be used
because of stress, structure, or pressurization condraints. Use minimum number of interchangesgble
screws to fasten door.

D5.8.7.2. Whole body access. Where whole body accessis required, the opening should
accommodate 95% of projected maintenance.

D5.8.7.3. Access cover attachment. Covers should be attached with the fewest number of
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smplest-to-operate fasteners practicable. Fasteners should be operable by hand or by common hand
toolsin that order of preference. Smal, removable covers should be attached to the structure or
otherwise retained to prevent loss.

D5.8.8. Fasteners.

D5.8.8.1. Generd. The number and diversity of fasteners used should be minimized
commensurate with stress, bonding, pressurization, shidding, thermal, and safety requirements. When
more than one Sze or type fastener is used on the same equipment or cover, the fasteners- equipment-
cover interface should permit the maintainer to readily distinguish the intended location of each fastener.

Finger or hand- operated fasteners should be used when consistent with these requirements. Fasteners
requiring non-standard tools should not be used.

D5.8.8.2. Hinges and tongue-and-dot catches. Hinges, tongue-and-d ot catches and mounting
pins should be used to minimize the number of fasteners required.

D5.8.8.3. Captive fasteners. Captive fasteners should be used where dropping or losing such
items could cause damage to equipment or create adifficult or hazardous remova problem. Captive
fasteners should aso be provided for access covers requiring frequent removal.

D5.8.8.4. Quantity. If ahinged access panel or quick-opening fasteners will not meet stress or
safety requirements, the minimum number of fasteners consistent with these requirements should be
used.

D5.8.8.5. Fastener head type.

D5.8.8.5.1. High-torque fasteners. Externd hex or externd double-hex wrenching dements
should be provided on dl machine screws, bolts or other fasteners requiring more than 14 Nem (10
Ibfeft) of torque. When externd wrenching fasteners cannot meet the mechanica function or personnel
safety requirements, or in limited access Stuations, and where use is protected from accumulation of
foreign materid, internd wrenching fasteners may be used. Direct tool access should be provided to
dlow for torquing without the use of irregular extensons.

D5.8.8.5.2. Low-torque fasteners. Externd-hex wrenching head, interna-hex wrenching head,
combination head (internd-hex or straight recess and externa-hex wrenching head), or Torg-set
fasteners, should be provided where less than 14 Nem (10 Ibfeft) torque is required. Interna-wrenching
fasteners should be provided only where a straight, or convex, smooth surface is required for
mechanica function or personnd safety, and where useis protected from accumulation of foreign
materid (eg., ice, snow). Straight-dot or cross-recesstypeinterna grip fasteners should not be
provided, except as wood fasteners or where these type fasteners are provided on standard commercial
items.

D5.8.8.5.3. Common fasteners. Whenever possible, identica screw and bolt heads should be
provided to alow panels and components to be removed with onetool. Combination bolt heads such
as dotted hex head should be sdlected whenever feasible. Identical fasteners should not be used where
remova of wrong fastener can result in equipment damage or change to cdibration settings.
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D5.8.8.6. Accessibility. The heads of mounting bolts and fasteners should be located on
surfaces readily accessible to the maintainer. Both hand and tool access should be provided to the
unthreaded or loosened fastener.

D5.8.8.7. Number of turns. Fasteners for mounting assemblies and subassemblies should
require aminimum number of turns, competible with sress, dignment, positioning, and load
consgderations. When machine screws or bolts are required, the number of turns and the amount of
torque should be no more than necessary to provide the required strength except when acommon
fadtener isutilized. All items requiring remova for daily or more frequently scheduled ingpections and
servicing should use quick release fasteners.

D5.8.9. Attachments. Connected appurtenances, accessories, cables, hoses, and smilar items
should not interfere with removing, replacing, or carrying an item. If such connected appurtenances
interfere with these tasks, they should be easily removed or disconnected from the equipment before
handling. Easy disconnect should consist of hand operable quick disconnect or standard hand tool
operable disconnects in that order of preference.

D5.8.10. Mounting.
D5.8.10.1. Generd. Equipment configuration should preclude improper mounting.

D5.8.10.2. Toals. Items maintained at the organizationd level should be replacesble using only
common hand tools.

D5.8.10.3. Remova. Replacesble items should be removable dong astraight or dightly curved
ling, rather than through an angle.

D5.8.10.4. Limit stops. Limit stops should be provided on drawers. Drawers should be sdf-
locking in the retracted and extended pogitions. The limit stop design should permit convenient
overriding of stopsfor drawer remova.

D5.8.11. Coversor panels. Remova of any replaceable item should require opening or
removing a minimum number of covers or panels.

D5.8.12. Conductors.

D5.8.12.1. Cable clamps. Unless wiring ducts or conduits are used, mechanicaly (not
adhesively) mounted cable clamps should be provided to ensure correct routing of eectrica cables
within and between equipment items to ensure that cables do not hinder or obstruct equipment
maintenance, to facilitate the mating of cables with their associated equipment items, and to prevent
chafing due to contact with adjacent structure. All clamps should be visible when equipment isingalled.

D5.8.12.2. Cablerouting. Cable routing should not obstruct visua or physica accessto
equipment for storage, operation, or maintenance.

D5.8.12.3. Access. Cables should be routed so asto be accessible for ingpection and
maintenance.

D5.8.12.4. Susceptibility to abuse. Cables should be routed or protected to preclude
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mechanica damage and abuse, including damage by doors, lids, use as steps or hand holds, or being
bent or twisted sharply or repeatedly.

D5.8.12.5. Identification Cables should be labeled to indicate the equipment to which they
belong and the connectors with which they mate.

D5.8.13. Fuses and circuit breskers.

D5.8.13.1. Generd. A postive indication should be provided to reved that afuse or circuit
breaker has opened a circuit.

D5.8.13.2. Replacement and resetting. Fuses should be readily accessible for remova and
replacement. No other components should require removal in order to gain accessto fuses. No specid
tools should be required for fuse replacement unless required by safety consderations. When resetting
of circuit breakersis permissible, and is required for system operation during amission, the breakers
should be located within reach of the operator when standing at the control pandl.

D5.8.13.3. Makings. Equipment served by the fuse or circuit breaker should be labeled.
Labeling of fuses and circuit breskers should be legible in the anticipated ambient illumination range for
the operator’ s location.

D5.8.13.4. Circuit breaker controls. Toggle bat and legend switch actuated circuit breskers
may be used to control electrical power. Pushpull type breakers should not be used as power
switches.

D5.8.14. Drain vaves. Drain vaves should be readily accessible and hand-operable by the full
range of user personnel wearing either Arctic or NBC garments.

D5.8.15. Flters. Fud and ail filters should be located in accessible positions for ingpection and
replacement and should not require the remova of other parts.

D5.8.16. Adjustment and access. Components requiring adjustment or replacement, such as
fue injectors and fan belts, should be as accessible as possible.

D5.9. Labding
D5.9.1. Generd
D5.9.1.1. Application Labes, legends, placards, signs, markings, or a combination of these

should be provided whenever personnel must identify items (except where it is obvious to the observer
what an item is and what he or she isto do with it) or follow procedures.

D5.9.1.2. Labd characteridtics. Labe characteristics should be consstent with required
accuracy of identification, time available for recognition or other responses, distance a which the labels
must be reed, illuminant level and color, criticdity of the function labeled, and labdl design practices used
elsawhere on the SATS.

D5.9.2. Orientation and location.

D5.9.2.1. Orientation. Labels and information thereon should be oriented horizontaly so that
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they may be reed from left to right. Verticd orientation may be used only when labels are not critica for
personnel safety or performance and where space islimited. When used, verticd labels should read
from top to bottom.

D5.9.2.2. Location. Labds should be placed on or very near the items which they identify, so
as to diminate confusion with other items and labels. Labels should be located so as not to obscure any
other information needed by the operator.

D5.9.3. Standardization. Labes should be located consstently throughout the system.
D5.9.4. Contents.

D5.9.4.1. Equipment functions. Labes should primarily describe the functions of equipment
items. Nomenclature may be described as a secondary consideration.

D5.9.4.2. Irrdevant information Trade names and other irrd evant information should not
appear on labels or placards.

D5.9.5. Qudities.

D5.9.5.1. Brevity. Labds should be unambiguous and as concise as possble without distorting
the intended meaning or information. Redundancy should be minimized. Where agenerd function is
obvious, only the specific function should be identified (e.g., “rpm” rather then “engine rpm”).

D5.9.5.2. Familiaity. Words should be familiar to the operator. For specific users (e.g.,
maintainers), common technica terms may be used even though they may be unfamiliar to nonusers.
Abstract symbols (e.g., squares and Greek |etters) should be used only when they have an accepted
meaning to al intended readers. Common, meaningful symbols (e.g., % and +) may be used.

D5.9.5.3. Vighility and legibility. Labels and placards should be easy to read accurately from
the operationa reading distances and in the anticipated vibration and illumination environments.

D5.9.5.4. Access. Item labels should not be covered or obscured by other items.

D5.9.5.5. Labd life. Labes should be mounted so asto minimize wear or obscurement by
grease, grime, or dirt, and should remain legible for the overhaul interva of the labeled equipment.

D5.9.5.6. Contrast and background. Labd color should contrast with the equipment
background.

D5.9.6. Dedign of label characters.

D5.9.6.1. Black characters. Where the ambient illuminance will be above 10 lux (0.9 ft-c),
black characters should be provided on alight background.

D5.9.6.2. Style. Sans serif block Ietter fonts having the size ratios specified herein should be
used. Examples of acceptable commercia fonts are Futura medium, Futura tempo bold, Futura
demibold, Airport semibold, Vogue medium, Lining Gothic No. 66, and Alternate Gothic No. 8.

D5.9.6.3. Capitd vslower case.
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D5.9.6.3.1. Labds. Labelsshould be printed in dl capitas, except where lower case letters or
punctuation marks are indigenous to the item being identified.

D5.9.6.3.2. Legends. Legends should be printed in dl capitass, without periods or commeas.

D5.9.6.3.3. Placards. Ingtructiona placards may use capitas and lower case (sentence case)
when the message exceeds two lines; however, for short, indructiond materid, al-capitas are
preferred. All-capitd materia (conssting of alarger cap for theinitid letter in a paragraph, line of
instruction, or procedural step) may be used.

D5.9.6.3.4. Sgns. Signs should cong s of dl-capitds, except when the Sgn isingructiond and
involves saverd lines of extended sentences, in which case sentence case may be used.

D5.9.6.4. Letter width. The width of letters should be 3/5 of the height, except for “M” and
“W”, which should be 4/5 of the height, and “I,” which should be one stroke wide.

D5.9.6.5. Numerd width. The width of numeras should preferably be 3/5 of the height, except
for “4,” which should be one stroke width wider, and “1,” which should be one stroke wide.

D5.9.6.6. Wide characters. Where wide characters are required, e.g., for curved surfaces or
for column dignment of numbers, the basic height-to-width ratio may be increased to as much as 1:1.

D5.9.6.7. Stroke width, normal. For black characters on awhite (or light) background, the
stroke width should be 1/6 to 1/7 of the height.

D5.9.6.8. Character spacing. The minimum space between characters should be one stroke
width.

D5.9.6.9. Word spacing. Space between words should be not less than the width of one
character.

D5.9.6.10. Line spacing. The minimum space between lines should be one-haf character
height.

D5.9.6.11. Szevsluminance. The height of letters and numerds should conform to Table V.
D5.9.6.12. Character height and viewing distance. See Table1X.
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TABLE IX.

Label size versusluminance

MARKINGS HEIGHTL
<=35cd/m2 (1 ft—L) >3.5 cd/m2 (1 ft—L)
Critical markings with pogtion fixed 4—8mm 25—5mm
(e.g., safety or emergency ingtructions) 0.16 - 031in) (0.10- 0.20in)
Noncriticd markings (e.g., 1.3—5mm 1.3—5mm
identification labels, routine ingtructions, or (0.05—0.20in) (0.05—0.20in)

markings required only for familiarization)

1Valueﬁ assume a 710 mm (28 in.) viewing distance. For other distances, multiply the above values by D/710 mm (D/28 in.).

D5.10. Hazards and safety.

D5.10.1. Generd. Design should reflect the safety related human engineering criteriabelow as
well asin other sections of this standard.

D5.10.2. Genera workspace hazards.

D5.10.2.1. Obdructions. Areas where operation, storage, or maintenance is performed should
be free of obstructions which could cause injury to personnd, either through accidental contact with the
obstruction or because the obstruction requires an awkward or dangerous body position.

D5.10.2.2. Handles. Handles on equipment should be recessed whenever practicable, to
eliminate projections on the surface. If handles cannot be recessed, they should be configured, located,
and oriented to preclude injuring personnd or entangling their clothing or equipment.

D5.10.2.3. Thermd contact hazards. Equipment which, in normal operation, exposes personnd
to surface temperatures greater or less than those shown below, should be appropriately guarded.
Surface temperatures induced by climatic environment are exempt from this requirement.

215



DFP-420

Temperature limits

Exposure Meta Glass Plastic or wood
Momentary contact 60° C 68° C 85° C
(140° F) (154° F) (185° F)
Prolonged contact or handling 49° C 59° C 69° C
(120° F) (138° F) (156° F)
Momentary or prolonged 0°C 0°C 0°C
contact or handling (32°F) (32°F) (32°F)

D5.10.3. Generd equipment-related hazards.

D5.10.3.1. Access. Equipment items should be so located and mounted that access to them
can be achieved without danger to personnel from eectrica, therma, mechanical, or other hazards.

D5.10.3.2. Edge rounding. Where applicable, al exposed edges and corners should be
rounded to aradius not lessthan 0.75 mm (.03 in). Sharp edges and corners that can present a

persond safety hazard or cause equipment damage during usage should be suitably protected or
rounded to aradius not less than 13 mm (.05 in).

D5.10.4. Electricad, mechanicd, fluid, toxic, and radiation hazards.
D5.10.4.1. Electricd hazards.

D5.10.4.1.1. Insulation of tools. Tools and test leads to be used on or near energized dectrica
components should be adequately insulated.

D5.10.4.1.2. Plugs and receptacles. Plugs and receptacle configurations should preclude
inserting aplug of one voltage rating into a receptacle of another rating.

D5.10.4.1.3. Voltage exposure. All hot contacts should be socket contacts.

D5.10.4.1.4. Dangerous voltage or current. Guards, grounding, interlocks, and warning
placards should be provided to minimize exposing personnel to dangerous voltages or currents.

D5.10.4.1.5. Ground potentid. Equipment should be desgned so that dl externa parts will be
at ground potentid.

D5.10.4.1.6. Electricaly-operated hand tools. Electricaly operated hand-held power tools
should be designed with three-wire power cords with one wire at ground potential and should have
exposed surfaces which are either non-conducting or are dectricaly connected to the ground wire.
Exposed surfaces include cases, grips, handles, switches, triggers, chucks, and other surfaces which are
capable of being contacted during operation. Portable tools which are protected by an approved
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system of double insulation or its equivalent may be used without a ground wire when gpproved by the
procuring activity.

D5.10.4.1.7. Batteries. Batteries that have ratings greater than 25 amp hours should have
termina guarding to prevent inadvertent short-circuit. Such guarding should also prevent short-drcuiting
the battery in spite of clearly improper but possible acts by personne, such as placing tools across
termings.

D5.10.4.2. Mechanicd hazards. A guard should be provided on dl moving parts of machinery
and power transmission equipment, including pulleys, bdts, gears, and blades, on which personnd may
become injured or entangled.

D5.10.4.3. Toxic hazards. Personnd should not be exposed to the concentrations of toxic
substances in excess of the limits specified in Occupationa Safety and Hedlth (OSH) standards.

D5.10.5. Sairs, dair-ladders, fixed ladders, and ramps.
D5.10.5.1. Genad criteria.

D5.10.5.1.1. Sdection. The sdlection of airs, sair-ladders, fixed ladders, or ramps for specific
gpplications shdl be based on the angle of ascent required and the criteriain Figure 7.

Figure 7. Sdection Criteriafor Ladders, Stair-Ladders, Stairs, and Ramps

D5.10.5.1.2. Provision for hand-carrying equipment. Ladders and stair-ladders shal not be
used where hand- carrying of equipment is required, since both hands should be free to grasp the ladder.
Stairs should not be used where hand- carrying bulky loads or loads in excess of 13 kg (29 1bs) is
required (see Table ). Ramps, devators, or equivaent means should be provided when heavy
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equipment must be manualy transported.

D5.10.5.1.3. Handralls and guardrails. Stairs, stair-ladders, fixed ladders, and ramps should be
equipped with a handrail on each side. Where one or both sides are open, appropriate intermediate
guardrails shall be provided to prevent personnd injury. Non-fixed vehicular-boarding ladders are
neither air ladders nor fixed ladders and are exempt from this requirement.

D5.10.5.2. Stairs. Sair dimensons should conform to the recommended vaues and shdl be
within the minimum and maximum limits of Table X.
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DIMENSION MINIMUM MAXIMUM RECOMMENDED
A Tread depth (including nosing) 240mm (9.5in.) | 300 mm (12 in.) | 280-300 mm (11-12 in.)
B Riser height 125mm (5in) | 200 mm (8 in.) 165-180 mm
(6.5-7 in.)
C Depth of nosing (where applicable) 19mm (0.75in.) | 38 mm (1.5 in.) 25 mm (1 in.)
D Width (handrail to handrail):
One-way stairs 760 mm (30 in.) - 910 mm (36 in.)
Two-way stairs 1220 mm (48 in.) - 1300 mm (51 in.)
E Overhead clearance 1930 mm (76 in.) 1980 mm (78 in.)
F Height of handrail (from leading edge of tread) | 840 mm (33 in.) | 940 mm (37 in.) 840 mm (33 in.)
G Handrail diameter 32mm (1.125in) | 75 mm (3 in.) 38 mm (1.5 in.)
H Rail clearance from wall 45 mm (1.75 in.) = 75 mm (3 in.)

Table X. Sair Dimensons

D5.10.5.3. Stair ladders. Stair ladder dimensions should conform to the recommended vaues
and shdl be within the gpecified minimum and maximum limits of Table XI. Thetread rise shdl be open
at therear. Landings should be provided every tenth or twelfth tread. The surface of treads on exterior
gair ladders should be constructed of open grating materia or should be treated with nonskid meterid.
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DIMENSION MINIMUM MAXIMUM RECOMMENDED
A Tread depth range:

For 50° rise 150 mm (6 in.) 250 mm (10 in.) 215 mm (8.5 in.)

For 75° rise (open ladders only) 75 mm (3 in.) 140 mm (5.5 in.) 100 mm (4 in.)
B Riser height 180 mm (7 in.) 300 mm (12 in.) 230 mm (2 in.)
C Width (handrail to handrail) 530 mm (21 in.) | 610 mm (24 in.) 560 mm (22 in.)
D Overhead clearance 1730 mm* (68 in.) - 1930 mm (78 in.)

E Height of handrail (from leading edge of tread) 860 mm (34 in.) 940 mm (37 in.) 890 mm (35 in.)
F Handrail diameter 32mm(1.125in.) | 75mm (3 in.) 38 mm (1.5 in.)

G Rail clearance from wall 50 mm (2 in.) --- 75 mm (3 in.)

* Whenever the distance D is less than 1,880 m (74 in.), the overhead obstruction should be painted with yellow and black
stripes.

Table XI. Stair-Ladders

D5.11. Trales, vans, and intervehicular connections.

D5.11.1. Tralers.

D5.11.1.1. Brake controls. Trailer brake controls shal be located so that an operator can
reach them while restraining or positioning the trailer manually. The controls shal not be located on the
sde of thetrailer exposed to road traffic.
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D5.11.1.2. Postioning controls. Component trailers should contain precise positioning controls
when the trailer will be used to mate parts.

D5.11.1.3. Tie-downs. Munitions tie-down facilities on stores trailers shdl be easily ingtaled
and removed.

D5.11.1.4. Landing gear lock. Landing gear lock and release shall be capable of being hand or
foot-operated.

D5.11.2. Vans. Thefallowing criteria gppliesto trailer vans and trangportable shelters which
serve as shdters for personnd or equipment, and which require occupancy by personnel for operationa
or maintenance tasks in excess of one hour, on arecurring bas's where mission requirements permit:

D5.11.2.1. Cdling height. The celling height (distance from the floor to the bottom of any light,
cable run, or other protuberance over the aide or standing work-space) shal be not less than 198 cm
(78 in) for vans and shelters, except as follows: When the occupants seldom stand to perform normal
operations, the ceiling height can be reduced to 189 cm (74.5 in) unless otherwise specified by the
procuring activity.

D5.11.2.2. Access openings. Personnd access openings shal be not lessthan 193 cm (76 in)
high and 76 cm (30 in) wide. Equipment access opening shal accommodate the specific equipment to
be transported, including suitable clearances for handling. Access doors shal have provisonsfor being
locked in open pogitions as well as closed pogitions. All access doors shdl have inner quick- opening
releases.

D5.11.2.3. Steps, stairs, ladders. Steps, sairs, or ladders shal be provided when van floors are
more than 46 cm (18 in) above ground leve.

D5.11.2.4. Indinometers. On work spaces such as large personnel-occupied vans or shelters,
intended for use as mobile work spaces, inclinometers shal be provided to permit reedout of front-rear
and Sde-gdetilt within + 2°.

D5.12. Generd. Desgn shdl reflect the safety related human engineering criteria below as well
asin other sections of this standard.

D5.12.1. Safety labels and placards.

D5.12.1.1. Warning placards. Conspicuous placards shall be mounted adjacent to any
equipment which presents a hazard to personnel (e.g., from high voltage, heet, toxic vapors, exploson,
radiation). Warning placards shall be located to provide an advanced dert of the potential hedth
hazards while not placing the reader at risk to exposure.

D5.12.1.2. Center-of-gravity and weight. Where applicable, the center of gravity and the
weight of equipment shal be digtinctly marked.
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D5.12.1.3. Weight capacity. The weight capacity shal be indicated on stands, hoids, lifts,
jacks, and smilar weight-bearing equipment, so as to prevent overloading.

D5.12.1.4. Identification of protectiveitems. Areas of operation or maintenance where specid
protective clothing, tools, or equipment are necessary (e.g., insulated shoes, gloves, suits) shal be
specificaly identified.

D5.12.1.5. "NO-STEP' markings. "NO-STEP' markings shdl be provided when necessary to
prevent injury to personnd or damage to equipment.

D5.12.1.6. Electricd labels. All receptacles shdl be marked with thelr voltage, phase, and
frequency characteristics, as appropriate. For other electrica labeling and warning requirements, see
MIL-HDBK-454.

D5.12.1.7. Hand grasp areas. Hand grasp areas shdl be conspicuoudy and unambiguoudy
identified on the equipment.

D5.12.1.8. Pipe, hose and tube line identification Pipe, hose, and tube lines for liquids, gas,
steam, and etc., shdl be clearly and unambiguoudy labeled or coded as to contents, pressure, hest,
cold, or other specific hazardous properties.

D5.12.2. General workspace hazards.

D5.12.2.1. Aleting device. A hazard derting device shdl be provided to warn personnd of
impending danger or existing hazards (e.g., fire, the presence of combustible or asphyxiating gas, and
radiation.).

D5.12.2.2. Emergency doors and exits. Emergency doors and exits shal be readily accessible,
unobstructed, smpleto operate, smpleto locate in the dark, quick opening in three seconds or less,
and require 44 - 133 N (10 - 30 Ib) of operating force to open. They shdl not themselves, or in
operation, condtitute a safety hazard. They shdl permit one person egressin 5 seconds or less.

D5.12.2.3. Stairs. Stairs, induding incline, step risers, and treads, shdl conform with standard
safe design practice. Skid-proof flooring, stair, and step treads shdl be provided. Where conditions
warrant specia precaution, surfaces shal be treated with anondip coating.

D5.12.2.4. Obgructions. Workspace around areas where maintenance is performed shal be
free of obstructions which could cause injury to personnel, either through accidental contact with the
obstruction or because the obstruction requires an awkward or dangerous body position.

D5.12.2.5. lllumination Adequate illumination shal be provided in dl areas. Warning placards,
222



DFP-420
garways, and al hazardous areas shdl be illuminated in accordance with the recommended levels of
Table XXI.

D5.12.3. Electricd hazards.

D5.12.3.1. Inaulation of tools. Tools and test leads to be used near high voltages shdl be
adequatdly insulated.

D5.12.3.2. Plugs and receptacles. Plugs and receptacle configurations shdl preclude inserting a
plug of one voltage rating into a receptacle of another rating.

D5.12.3.3. Voltage exposure. All hot contacts shall be socket contacts.

D5.12.3.4. Dangerous voltage or current. Guards, grounding, interlocks, and warning placards
shdl be provided to minimize exposing personnd to dangerous voltages or currents.

D5.12.3.5. Ground potentia. Equipment shal be designed so that dl externd parts, other than
antennaand transmission line terminals, will be a ground potentid.

D5.12.3.6. Electricaly-operated hand tools. Electricaly operated hand-held power tools shdl
be designed with three-wire power cords with one wire at ground potential and shal have exposed
surfaces which are either non-conducting or are electricaly connected to the ground wire. Exposed
surfaces include cases, grips, handles, switches, triggers, chucks, and other surfaces which are capable
of being contacted during operation. Portable tools, protected by an gpproved system of double
insulation or its equivaent, may be used without a ground wire when approved by the procuring activity.
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APPENDIX E
PERFORMANCE REQUIREMENTS FOR

FOR
TRAILER-MOUNTED SETS, KITS, AND OUTFITS
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El. SCOPE

E1.1. Scope. Thisappendix establishes specific mohility criteriafor Sets, Kits and Ouitfits
(SKOs) mounted on Army tacticd trailers. This gppendix is a mandatory part of this specification. The
information contained herein isintended for compliance.

E1.2. Purpose. These requirements are predicated upon the SKO being assembled to a non
gtandard tactical trailer.

E2. APPLICABLE DOCUMENTS

The documerts cited in this section are for reference only, and do not condtitute a part of this standard.
They are provided as a source of additiona information.

E2.1. Government documents.

SPECIFICATIONS

DEPARTMENT OF DEFENSE

MIL-DTL-45150 - Chassis, Traller, 2-Whed Cart Type ¥t0 3-1/2 Ton
STANDARDS

DEPARTMENT OF DEFENSE

MIL-STD-810 - Environmenta Test Methods and Engineeering Guiddines
(Unless otherwise indicated, copies of federa and military specifications, standards, and handbooks are

available from the Standardization Documents Order desk, 700 Robbins Avenue, Bldg 4D,
Philadelphia, PA 19111-5094.)

E2.2. Non-Government publications.

SOCIETY OF AUTOMOTIVE ENGINEERS

AS8090 - Mobility, Towed Aerospace Ground Equipment, Genera
Requirements for
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(Application for copies should be addressed to the Society of Automotive Engineers, 400
Commonwedlth Drive, Warrendade, PA 15096-0001).

E3. PERFORMANCE
The trailer-mounted SKO shal perform as follows when being towed by its preferred prime mover.

E3.1. Speed. Thetraler-mounted SKO shdl trail safely behind its preferred prime mover at al
Speeds up to and including the maximum recommended for the combination of prime mover, traller
chass's, and towing surface.

E3.2. Tracking.

E3.2.1. Straghtaways. When following a sraight course, the longitudina centerline of the
trailler-mounted SKO shdl remain digned with the longitudina centerline of the prime mover. Thetraller
shal not exhibit excessive crab, yaw, or sway such that the path of the trailer deviates more than three
inchesto either sde of the path of the towing vehicle.

E3.2.2. Tums. On dry, level pavement, the trailer-mounted SKO shall safely trail through turns
when the steering mechaniam of the prime mover is a its maximum cramping angle. Turns shdl be taken
a 10 miles per hour or the maximum safe turning peed for the prime mover under the test conditions,
whichever isless. When turning, the wheels of the trailer shdl follow an arc concentric to that traversed
by the wheds of the prime mover. Thetrailer shdl not skid, and shdl not tilt or turn over. There shdl be
no interference between any part of the trailer-mounted SKO and its preferred prime mover at any
turning radius the prime mover can execute,

E3.3. Loading ramps. When entering or leaving longitudina dopes of up to 35% grade (20
degrees from the horizonta) such as aloading ramp, there shal neither be interference between the
trailler-mounted SKO and its preferred prime mover nor interference between the trailer-mounted SKO
and the towing surface. Traversing the dope shal not damage the SKO, nor shal any component be
displaced.

E3.4. Sde dopes. When traversing side dopes the centerline of the trailer-mounted SKO shal
remain aigned with the centerline of the prime mover and the trailer shdl not tilt or turn over.

E3.5. Braking. Thetraler-mounted SKO shal withstand sudden stops from initial speeds up to
the maximum safe speed for the prime mover without damage and without displacement of any
component. When braking, the trailer shal not jackknife and shall not exhibit whedl hop.

E4. TESTS

E4.1. Speed and tracking. Thefully-loaded trailer-mounted SKO shdll be towed by its
preferred prime mover. While being towed, the trailer-mounted SKO shal be observed to determine
whether the traller crabs, yaws, or sways. |If thereis any doubt regarding the extent of deviation
between the path of the trailer and the path of the towing vehicle, avishbletral shdl be produced by
pouring water on the tires (or by other suitable means) and the deviation measured. These observations
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shdl be taken in conjunction with roadability and mohility testing of the SKO.

E4.2. Tuming. Thetraler-mounted SKO shdl be hitched to its preferred prime mover and
towed in a“figure 8’ over smooth, dry pavement. The radius of each turn shal be made progressvely
amdler, until the prime mover’s maximum cramping angle isreached. The prime mover shdl mantan a
gpeed of at least ten miles per hour, or it's maximum safe gpeed for that turning raduis, whichever isless.

While turning, the trailer-mounted SKO shdl be observed to determine whether the trailer skids, tilts,
or turns over. If thereis any doubt regarding the concentricity between the path of the trailer and the
path of the towing vehicle, avisble trall shal be produced by pouring water on the tires (or by other
suitable means) and the tracks examined.

E4.3. Loading ramp. The trailer-mounted SKO shall be towed by its preferred prime mover
both up and down aramp inclined at least 20 degrees to the horizontal. The bottom and top of the
ramp shal end in horizonta landings that form a sharply defined angle with the ramp. The length of the
ramp, measured along the dope, shdl be not less than 1.2 times the whedbase of the vehicleftraller
combination. The Smulated Loading Ramp a Aberdeen Proving Ground (APG) is one example of a
suitable facility for the test (See Figure EL).

—13.68’

o
20
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SECTION

Figure E1. Example of Smulated Loading Ramp

E4.4. Sudden stops. The fully loaded trailer-mounted SKO shdl be towed by its preferred
prime mover over aclean, dry, smooth, levd, high- speed paved road at a speed of at least 20 mph.
The brakes shdl be suddenly and fully gpplied (maximum pedd effort braking) to bring the prime mover
and trailer to a complete emergency stop. The procedure shdl be repeated at successvely higher
gpeeds until the maxim safe braking speed is achieved. Road speed shal beincreased in increments of
5 mph between stops. The criterion for maximum safe goeed a maximum pedd effort isthat vehicle
dew shal not exceed the limits of aroadway lane width equd to 1.5 times the width of the prime mover.

The test shdl be repeated with the removable components of the SKO removed from the trailer.
During each stop the trailer-mounted SKO shall be observed to determineif axle hop is evident, and
whether the trailer jackknifes. Following each stop, the trailer-mounted SKO shdl be examined for
visble structural damage and for damage to or displacement of any stowed component.

ES. DEFINITIONS

E5.1. Crab. To move sdeways or diagondly (dogwak). In the specific case of atrailer, to
follow astraight course with its longitudind centerline a an angle to thet of the prime mover.
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E5.2. Sew. Toturn, twist, move, or kid to the Sde.

E5.3. Sway. To move back and forth with aswinging motion. In the specific case of atraller,
to move from side to side about the pintle.

E5.4. Skid. Todideor dip Sdeways. In the specific case of atraller, to loose traction during a
turn so that the trailer dips Sdeways on itstiresin response to centrifuga force.

ES5.5. Tilt. Toincline asby raisng oneend. In the specific case of atrailer, to lean over in
response to centrifuga force during aturn to the extent thet one or more whedls loses contact with the
surface being traversed.

ES5.6. Jackknife. To fold or double like ajackknife. In the specific case of atrailer, to swing
around the pintle to one side or the other during braking.

E5.7. Hop. To movewith light bounding skips or legps. In the specific case of atrailer, to
develop averticd oscillation such that one or more whed's intermittently |oses contact with the surface
being traversed.

E5.8. Preferred prime mover. Each modd of Army standard tacticd trailer has been designed
and tested for acceptable performance when towed by a specific modd or family of Army standard
tactical truck. The preferred prime movers for Army standard 2 — whed tacticd trailers are specified in
MIL-DTL-45150.

E6. NOTES

(This section contains information of a genera or explanatory nature that may be helpful, but is not
mandatory.)

E6.1. The performance requirementsin this gppendix were extracted and adapted in part from
SAE AS8090, “Mohility, Towed Aerospace Ground Equipment, Generd requirements for,” (formerly
MIL-M-8090). The requirements extracted from SAE AS8090 were those addressing mobility Type
V, “Mobile on highways and unimproved cross-country terrain.” Performance requrements were so
extracted as gpplicable from MIL-DTL-45150, “ Chassis, Traller, 2-Whed Cart Type Yato 3-1/2
Ton.”
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APPENDIX F
PERFORMANCE REQUIREMENTS FOR

SHELTER, TACTICAL, NON-EXPANDABLE, WITH PROVISIONS FOR INTEGRAL
ENVIRONMENTAL CONTROL UNIT AND GENERATOR SET
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F1. SCOPE.

F1.1 Scope. This gppendix established specific requirements for a nonexpendable, rigid wall,

rel ocatable shelter meeting the dimensiona and stacking strength requirements of International
Organization for Standardization (ISO) Type 1C Cargo Containers for purposes of transport. Nomina
dimensions are: height 8 ft, width 8 ft, and length 20 ft (2.4 by 2.4 by 6.1 m). It isavariant of the Army
Standard “ Shelter, Tactical, Non-Expandable, 100 Amp.” In addition to the generd cargo ares, the
shelter is provided with integral compartment(s) and wiring for a 10 KW electrical generator and an
Environmental Control Unit (ECU). This appendix is amandatory part of this specification. The
information contained herein isintended for compliance, predicated on the SKO being incorporated in a
non-standard tactical shelter.

F1.2 Measurement system. The vaues ated in inch-pound units are to be regarded as the standard.
The S units given in parentheses are for information only. (Reference ASTM Sl 10)

F2. APPLICABLE DOCUMENTS

F2.1 Generd. The documents listed in this section are specified in sections 3 and 4 of this specification
gppendix. This section does not include documents recommended for additiond information or as
examples. While every effort has been made to ensure the completeness of thislist, document users are
cautioned that they must meet al specified requirements documents cited in sections 3 and 4 of this
appendix, whether or not they are listed.

F2.2 Government documents.

F2.2.1 Specifications, standards, and handbooks. The following specifications, sandards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified, the
issues of these documents are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the solicitation (see paragraph
6.2).

SPECIFICATIONS

FEDERAL

A-A-1927 - Padlock

A-A-50271 - Plate, Identification

A-A-55804 - Rods, Ground (with attachments)

A-A-59559 - Pog, Binding, Electrical, Waterproof (Insulated), Dua
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O-ring Sedl

MILITARY

MIL-C-22992 - Connectors, Plugs, and Receptacles, Electricad,
Waterproof, Quick disconnect, Heavy Duty Type,
Generd specification for

MIL-T-27260 - Tie Down, Cargo, Aircraft, CGU-1/B

MIL-P-27443 - Pallets, Cargo, Aircraft, Type HCU-6/E, HCU-12/E,
and HCU-10/C

MS14055 - Insert Arrangements, Electrical Connector, Size 44,
ClassL, 60 Amps

MS90558 - Connector, Receptacle, Electrical, Wal Mounting
(with Coupling Ring) Class L (Equipment Receptacle)

M S90564 - Cover, Electricd Connector, Plug, Class L

FEDERAL

FED-STD-595 - Colors Used in Government Procurement

DEPARTMENT OF DEFENSE

MIL-STD-129 - Standard Practice for Military Marking

MIL-STD-171 - Finishing of Wood and Metal Surfaces

MIL-STD-209 - Interface Standard for Lifting and Tie-down

Provisons
MIL-STD-810 - Environmental Test Methods and Engineering
Guiddines
MIL-STD-913 - Requirements for the Certification of Sing Loaded

Military Equipment for Externa Transportation by
Department of Defense Helicopters
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HANDBOOKS

MIL-HDBK-784

MIL-HDBK-1791

DFP-420
- Department of Defense Design Criteria Standard,
Humean Engineering

- Guiddines — Design to Minimize Contamination and to
Facilitate Decontamination of Military Vehiclesand
Other Equipment: Interiors and Exteriors

- Dedgning for Internd Aerid Ddivery in Fixed Wing
Aircraft

(Unless otherwise indicated, copies of the above specifications, sandards, and handbooks are available
from the Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadephia, PA

19111-5094).

F2.2.2 Other Government documents, drawings and publications. The following other Government

documents, drawings, and publications form a part of this document to extent specified herein. Unless
otherwise specified, the issues are those cited in the solicitation.

DRAWINGS

5-4-6865

TECHNICAL MANUALS

TM 9-4120-425-14& P

T™M 9-6115-642-10

TM 10-5411-202-24P

- Shelter, Assembly, NonExpandable-100 Amp

- Operator’s, Unit, Direct Support and Generd
Support Maintenance Manud Including Repair Parts
and Specid Tools Lig for Air Conditioner, Horizontd,
Compact, 36,000 BTU/Hr, 208 Volt, Three Phase,
50/50 Hz, Part No. S9500-36KH-1, NSN 4120-01-
467-2638

- Operator’s Manual, Generator Set, Skid Mounted,
Tactica Quiet, 10 KW, 60 and 400 Hz, MEP-803A
(60 Hz) 6115-01-275-5061, MEP-813A (400 Hz)
6115-01-274-7392

- Organizationa, Direct Support and Generd  Support
Maintenance Repair Partsand Specid  Tools List for
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Shelter, Tactical, Non-Expandable

Copies of drawings and Technica Manuds are available from the U.S. Army Natick Research,
Development, and Engineering Center, Attn: SSCNC-WST, Natick, MA 07160-5018.

F2.3 Non-Government publications. The following document(s) form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of the documents that are DoD adopted
are those listed in the issue of the DoDISS cited in the solicitation. Unless otherwise specified, the
issues of documents not listed in the DoDISS are the issues of the documents cited in the solicitation

(see paragraph 6.2)

AMERICAN NATIONAL STANDARDSINSTITUTE (ANSI)
ANSI Z535.4 - Product Safety Signsand Labels

(Application for copies should be addressed to the American National Standards Ingtitute, 11 W. 42™
Street, New Y ork, New York 10036.)

ASSOCIATION OF AMERICAN RAILROADS
Rules Governing the Loading of Department of Defense Materid on Open Top Cars
(Application for copies should be addressed to the Publications Department, Association of American
Railroads, Transportation Technology Center, Inc., PO Box 79780, Batimore MD 21279-0780, 877-
999-8824 (toll free), email: pubs@aar.com).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 1925 - Specification for Engineering and Design Criteriafor
Rigid Wal Relocatable Structures

ASTM E 1976 - Specification for Shelter, Tactical, Nonexpandable

ASTM Sl 10 - Standard for Use of the Internationa System of Units
(S1): The Modern Metric System

(Application for copies should be addressed to the American Society for Testing and Materids, 100
Barr Harbor Drive, West Conshohocken, Pa 19428-2959.)
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INTERNATIONAL STANDARDS ORGANIZATION (1SO)

SO 668 - Series 1 freight containers — Classification, dimensions
and rdings

SO 830 - Freight Containers - Vocabulary

1SO 1161 - Series 1 freight containers - Corner Fittings -
Specification

SO 1496-1 - Series 1 freight containers - Specification and testing -

Part |: Generd cargo containers for generd purposes

(Application for copies should be addressed to the American National Standards Institute, 11 W. 42"
Street, New Y ork, New York 10036.)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION
NEMA WD 6 - Wiring Devices— Dimensiond Specifications

(Application for copies should be addressed to the Nationa electrica Manufacturers Association, 1300
North 17" Street, Rossyn, VA 22209.)

F2.4 Order of precedence. In the event of aconflict between the text of this document and the
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

F3. REQUIREMENTS

F3.1 Frg aticle. When specified, asample shdl be subjected to firgt article ingpection in accordance
with paragraph 4.2.1.

F3.2 Ddinitions. Terminology related to freight containers used in this specification is defined in 1ISO
830.

F3.3 Desgn. The shelter shdl be designed and built to withstand a variety of environments while
providing an effective and religble facility for storage, trangport, and operation of installed equipment, as
well as a suitable working environment for troops deployed for military operationsin the field.

F3.3.1 Standardization. The requirements specified herein are intended to promote standardization of
rigid wall relocatable shdters. Existing commercia and (where necessary) military performance and test
criteria have been used to the maximum extent possble. A Technicd Data Package conssting of Army
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Drawing 5-4-6865 and its subordinate drawings and specificationsis cited for reference. Subject to the
performance requirements specified herein, the shelter design shdl incorporate to the maximum extent
practicable shelter parts dready established in the Army supply system. Such partsare listed in TM 10-
5411-202-24P with National Stock Numbers (NSNs).

F3.3.2 Smplicity. The contractor shdl provide the smplest design consstent with performance
requirements. The design shdl dso be directed toward minimizing the physica exertion, ma-hours,
tools, and other equipment required to prepare the shelter for operation and for transport.

F3.3.3 Weight. To provide the greatest mobility for military forces, the contractor shal construct the
shdter of materids with high strength-to-weight ratios. The current Army TDP for non-expandable
shdlters requires the use of duminum aloy frame members and pands fabricated of duminum dloy skins
that are bonded to a non-metdlic honeycomb core and sealed to awelded frame of square duminum
dloy tubing. The contractor shall provide shelters constructed of materias that meet the requirements of
this document and provide performance equa to or better than the materids of the current design with
equd or lessweight per unit volume.

F3.4 Performance. The shdter shal meet dl requirements specified herein. As a pecid- purpose
tactical shelter, the specifications are an anadgam of requirements and modified requirements from
referenced ASTM, ANSI, 1SO, and Military Standards. Where feasible, these requirements have been
incorporated in the text of this specification ether verbatim, or with modifications consstent with the
intended use of the item.

F3.4.1 Physicd security. The shelter shdl be lockable and provide physica security for dl interndly
stored or mounted equipment and supplies sufficient to discourage tampering, unauthorized use, and
theft.

F3.4.1.1 Locks. Locking of the shelter shall be accomplished with padlocks. The hasps and staples or
other locking devicesincorporated in the shelter shall accept key-operated, tumbler-type padlocks
conforming to CID A-A-1927, Type, Size B, which have shackles with a diameter of 0.343 £0.040
inch.

F3.4.1.2 Anti-tampering measures. When the shelter is prepared for transport and storage, the
padiock(s) shdl be plainly visble on the shelter exterior. It shal not be possible to use or remove any of
the components stored in the shelter without either removing the locks or visibly damaging the shelter.

F3.4.1.3 Loss and damage prevention All doors, pands, and other covers for openingsin the shelter
shdl be permanently affixed to the shelter.

F3.4.1.3.1 Door datic load. Verticaly hinged doors shdl be capable of supporting a 200 1b (90 kg)
downward load on the edge opposite the hinge without sustaining damage. (Reference ASTM E 1925)

F3.4.1.3.2 Wind gust load. All doors, panels, and other covers for openingsin the shelter shal be

provided with latches, stays, or other mechanisms that hold them in the open position and prevent them

from damage when subjected to wind gusts up to 60 mph (100 knvh). (Reference ASTM E 1925)

F3.4.2 Electrica outlets. Branch circuits and power outlets for eectrical equipment shal be provided
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both insgde and outside the shelter. In addition to circuits for the ECU, the interior lights, and the
exterior lights, the shelter shal be provided with at least three 125 volt, 20 Ampere circuits for eectrica
receptacles. Thetwo interior circuits shall have a least four duplex 5-15R receptacles as defined by
NEMA WD 6 placed a regular intervas a least five feet above the shelter floor, one circuit for each
gde of the shelter. Thethird circuit shdl provide at least two 5-15R receptacles with weather-tight
covers on each end (front and rear) of the shelter exterior.

F3.4.3 Lighting. The shelter shdl provide permanently mounted 110 volt AC interior lighting. The
lighting system shdl provide switch-sdectable white light and Night Vison Device (NVD) safelight (i.e.
blue-green light not detectable to NVDs). Two removable 60-Watt white light fixtures shdl be
provided for the shelter exterior. A mount for one light fixture shal be located near the personnd door,
and amount for the other shdl be provided near the generator. The exterior lights shal obtain power
from the receptacles located at each end of the shelter exterior.

F3.4.4 Erecting and driking. Erecting and striking the shelter shdl be accomplished within two man
hours. The shelter shall be provided with screw jacks or other leveling devices that enable the shelter to
gt level on surfaces having up to a24 in. (610 mm) differentid in grade to the diagona dimension of the
shelter floor. (Reference ASTM E 1925)

F3.4.5 Workmanship.

F3.4.5.1 Panel Hatness. Pand surfaces shall not be cupped or bowed in excess of 0.125 in (3 mm)
over any 48 in (1300 mm) distance. (Reference ASTM E 1925)

F3.4.5.2 Pand bonding. If the shelter floor, roof, wal, or end panels are of laminated congtruction, they
shall be free of ddaminations. (Reference ASTM E 1925)

F3.4.6 Trangportability. The fully-loaded shelter shdl be suitable for commercid and military shipment
viaaircraft, ship, railcar, and truck. When configured for transport the shelters shall mest the
requirements for 1SO freight containers as specified herein. The shelter in the freight container mode
shall hereinafter be referred to as a container.

F3.4.6.1 Safety cetification The contractor shal ensure that al containers presented for acceptance
by the Government have been certified safe by the Coast Guard or other authorized Approva Authority
as required by Code of Federa Regulations (CFR) 49, Parts 450 through 453, and shdl provide a
copy of the certification paperwork. (Reference ASTM E 1976)

F3.4.6.2 Overdl dimensons. The overdl exterior dimensions of the containers shdl conform to those
of 1SO 668 general-purpose freight containers designated 1C, as shown in Table F1, or 1CX, which
may be lessthan 8 feet tdl. No part of the container, including padlocks, shdl extend beyond the
planes defined by the outer surfaces of the corner fittings. (Reference ASTM E 1925)

F3.4.6.3 Tare mass. The mass (weight) of the empty container as delivered shall not exceed 4,500
pounds.

F3.4.6.4 Gross massrating. The container shdl be designed for a maximum combined mass (weight) of
container and cargo of at least 15,000 Ibs. (Reference ASTM E 1976)
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F3.4.6.5 Corner fittings. The containers shal be equipped with corner fittings in accordance with the
dimensiond requirements for corner fittings for as stipulated in 1SO 1161 (See Figures F-6 through F-
9). Dimensions and tolerances between corner fittings shal be in accordance with 1SO 668 (See Figure
F-10). The upper faces of the top corner fittings shall protrude above the top of the rest of the container
by minimum of ¥4’ (6 mm). The lower faces of the bottom corner fittings shal protrude below the
bottom of the container by aminimum of 7/16” (11 mm). (Reference 1SO 1496-1)

Type Height Width Length
ft. in. Tal. in. ft. in. Ta. in. ft. in. Ta. in.

1C (8 0 +0-0.1875 |8 O +0-0.1875 |19 105 +0-0.25
(2438 mm) (+0 -5 mm) (2438 mm) (+0-5mm) | (6058 mm) (+0-6 mm)

Table F1. Container Overdl Dimendons

F3.4.7 Air trangport. The shelter shdl be suitable for transport by the U.S. Air Force C130 and larger
cargo arcraft and for externd airlift by helicopter.

F3.4.7.1 Cargo arcraft.

F3.4.7.1.1 Decompression vent. The containers shdl be capable of withstanding an internd pressure
differentid of 8.3 ps (0.57bar) developed within 0.5 sec or less without any part of the container
becoming amissile. For this purpose, the container shdl be provided with a minimum total vent area of
241’ (154.8 cnP). Each vent shdl be adequately protected from cargo load shift to ensure that the
required vent areais available during rapid decompression of an aircraft. (Reference ASTM E 1925)

F3.4.7.1.2 Hight maneuver forces. The containers shall be capable of being restrained againgt and
withstanding forces imposed by aircraft flight and maneuvering operations. For arcraft trangport, the
containers will each be placed on three HCU-6/E palets (See MIL-P-27443 for description)
connected end-to-end by 2-inchrwide couplers. When latched to the 463L cargo systemrailsin
military arcraft, the pallets are rated under the criteriaof MIL-HDBK-1791 to restrain cargo loads of
up to 10,000 Ibs each, for atotd rated load of 30,000 Ibs. The perimeter of the combined pallets will
provide 42 cargo tie-down rings, each rated a 7,500 |bsin any direction. The contractor shall provide
arecommended tie-down pattern for fastening the containers to the pallet tie-down rings with CGU-1/B
tie down devices (See MIL-T-27260 for description), which have arated capacity of 5,000 Ibs each.
When attached to the pallets usng the contractor’ s recommended tie-down pattern, the containers,
loaded to their rated gross weight with al cargo tied down to the container floor and the generator and
ECU indgdled, shdl remain on the pdlets, and shdl have the mechanica strength to meet the following
criteria (Reference MIL-HDBK-1791):

a Containers shdl be capable of withstanding, without loss of serviceability, Satic forces equd to the
dynamic forces imparted by the following accelerations, gpplied independently (1.0 G isthe acceleration
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dueto gravity; dl directions are rlative to the aircraft.):

Direction Load Factor Equivdent Static Load
Up 20G 30,000 Ibs
Down 45G 67,500 lbs

b. Containers shdl be capable withstanding, without loss of structurd integrity, static forces equd to the
dynamic forcesimparted by the following accelerations, applied independently:

Direction Load Factor Equivdent Static Load
Forward 30G 45,000 |bs.
Aft 30G 45,000 Ibs
Lateral 15G 22,500 Ibs

¢. The equipment shall aso be able to withstand the following independently gpplied changesin velocity
(DV) of the aircraft floor within 0.1 second without loss of serviceability. (Thefind velocity must be held
long enough for an adequate cargo response to the input.)

Direction DV
Up 10.0 ft/sec
Down 11.5 ft/sec

d. Containers shdl be cgpable of withstanding the following the following independently gpplied changes
inveodty (DV) of the arcraft floor within 0.1 sec without loss of sructurd integrity. (Thefind veocity
must be held long enough for an adequate cargo response to the input.)

Direction Dv
Forward 10.0 ft/sec
Aft 5.0 ft/sec
Lateral 5.0 ft/sec

F3.4.7.2 Trangport provision identification The container lifting provisions, tie down provisons, and
center of gravity shall be identified and labeled in accordance with MIL-STD-129.

F3.4.7.3 Helicopter externd lift. The fully loaded container, with generator and ECU inddled, shdl be
certified suitable for Externd Air Transport (EAT) (ding load) by CH-47 and larger cargo helicoptersin
accordance with MIL-STD-913.

F3.4.8 Marine transport.

F3.4.8.1 Base srength. When loaded to their gross weight rating and subjected to dynamic vertica
accelerations of up to 1.8 G, the containers shall be capable of being supported by their bottom corner
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fittings only, without suffering permanent deformation or other damage. Downward deflection of the
base shall not exceed 0.75 in (19 mm) under these conditions. (Reference 1SO 1496-1)

F3.4.8.2 Stacking capability. The fully-loaded containers shall be capable of supporting a
superimposed mass equd to five fully-loaded standard 1SO 668 1C freight containers (GW 52,900 lbs
(23,995 kg) each), taking into account conditions aboard ships at sea which can impose vertical
accelerations of up to 1.8g, and the relative eccentricities between superimposed containers of up to 1
in. (25 mm) lateraly and up to 1.5 in. (3.8 mm) longitudindly. (Reference ISO 1496-1)

F3.4.8.3 Panel drength. In addition to their contribution to the overdl strength of the container, the
pands used as structural members of the container shal meet the following requirements.

F3.4.8.3.1 Sdewadls. Each sdewadl of the container shal be capable of withstanding a uniformly
digtributed interna load of 5820 Ib (2640 kg) applied separately and arranged to alow free deflection
of the wdl, without suffering structural damage or loss of serviceability. (Reference ASTM E 1976)

F3.4.8.3.2 End wdls. Each end wadl of the container shal be capable of withstanding a uniformly
distributed internal load of 3880 Ib (1760 kg) applied separately and arranged to dlow free deflection
of the wall, without suffering structural damage or loss of serviceability. (Reference ASTM E 1976)

F3.4.8.4 Transverserigidity. The container end structures (end frames in combination with their end
wadls) shdl be sufficiently rigid to withstand the transverse racking forces resulting from ship movement
without sustaining permanent deformation or other damage that renders the container unsuitable for use.
The container end structures shall be capable of withstanding tension and compression forces of
33,700 Ibs (150 kN) applied againgt each upper corner fitting with the container restrained by anchor
devices acting through the bottom apertures of the lower corner fittings. The forces shdl be gpplied
aong avector pardld to both the container base and the plane of the end frame. The end frame shall
be restrained in such a manner that the lower corner fitting directly beneeth the gpplied forceis
restrained from verticd movement and the other corner fitting, diagonaly opposite the applied force on
that end, is restrained from laterd movement. The sideways deflection of the top of the container end
frame with respect to the bottom of the container end frame at the timesit is subjected to the full
transverse force shall not cause the sum of the changes in the length of the diagonasto exceed 2.36 in
(60 mm). (Reference SO 1496-1)

F3.4.8.5 Longitudind rigidity. The container side structures (top and bottom side railsin combination
with their Sde wall and corner structures) shdl be sufficiently rigid to withstand the longitudina racking
forces resulting from ship movement without sustaining permanent deformation or other damage that
renders the container unsuitable for use. The container Sde structures shall be cgpable of withstanding
tension and compression forces of 16,850 Ibs (75 kN) applied against each upper corner fitting with the
container restrained by anchor devices acting through the bottom apertures of the lower corner fittings.
The forces shdl be applied dong a vector pardld to both the container base and the plane of the side
dructure. The Sde structure shdl be restrained in such amanner that the lower corner fitting directly
benegth the applied force is restrained from vertica movement and the other corner fitting, diagondly
opposite the gpplied force on that Sde, is restrained from laterd movement. The Sdeways deflection of
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the top of the container side with respect to the bottom of the container Side at the timesiit is subjected
to the full transverse force shall not cause the sum of the changesin the length of the diagonas to exceed
1.0in (25 mm). (Reference SO 1496-1)

F3.4.9 Rall trangport. Inrail trangport mode the fully-loaded container with generator and ECU ingtalled
shdl withstand without loss of serviceability the shock and vibration imparted by coupling rall cars a
impact speeds up to 8 miles per hour (mph), both when mounted on rail cars with ISO corner locks and
on standard flatcars.

F3.4.9.11S0 lock rall car restraint capability. The container, with the generator and ECU ingdled, and
auniformly distributed payload anchored to the cargo floor such that the gross weight equals 15,000 Ibs
(6875 kg), and solidly anchored on one end through the bottom apertures of the lower corner blocks,
shall withstand a force of 30,000 Ibs equdly divided and applied horizontaly to the container through
the bottom apertures of the lower corner fittings on the other end, both towards and away from the
anchor points, without suffering structural damage or loss of serviceability. (Reference 1 SO 1496-1)

F3.4.9.2 Standard flatcars regtraint capability. The contractor shal provide a recommended method for
restraining the containers to flatcars in accordance with the standard |oading methods shown in Section
No. 6 of the " Rules Governing the Loading of Department of Defense Materiel on Open Top Cars,”

that will enable the container to withstand the shock and vibration imparted by coupling rail cars a
impact speeds up to 8 mph (13 kph). (Reference MIL-STD-810)

F3.4.10 Motor vehicle transport.

F3.4.10.1 Load transfer area. The container bases shdl have end transverse members and intermediate
transverse members or other support of sufficient strength to permit verticd transfer of the containers
rated gross load to or from the longitudina members of a carrying vehicle thet lacks 1SO corner locks.
Such longitudinad members are assumed to lie within the two 10 in. (25 mm) wide zones defined by the
broken linesin Figure F-1. (Reference | SO 1496-1)
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